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Description 

BACKGROUND OF THE INVENTION 
s Fieid of the Invention 

This invention relates to a method for amplifying DNA, and in particular to an improved method for amplifying DNA 
by Polymerase Chain Reaction (PCR). 

io Discussion of the Related Art 

The PCR is an in vitro method for the enzymatic synthesis of specific DNA sequences, using two oligonucleotide 
primers that hybridize to opposite strands and flank the region of interest in the target DNA. By use of the PCR method, 
a target DNA can be amplified in an exponential fashion. The PCR is described in U.S. Patent Nos. 4,683,195 and 

75 4,683,202 by K.B. Mullis et al. 

The PCR is a highly sensitive test for the detection of DNA in specimens of various types, especially in those 
obtained from body fluids. Thus, PCR is a potentially powerful tool for use in the diagnosis of infectious diseases caused 
by microorganisms, hereditary diseases, cancers, etc. PCR is also suitably used for determining parent/child relation- 
ships and transplantation compatibility, where peripheral blood is frequently the specimen of choice. 

20 One disadvantage to using PCR is that impurities such as pigments, proteins, sugars and unidentified contami- 
nants inhibit the reaction. It is well known fact that a small amount of impurities derived from biological specimens 
strongly inhibits the activity of many DNA polymerases including Taq DNA polymerase produced by Thermus 
aquaticus, a representative thermostable DNA polymerase. In a conventional PCR procedure, a reaction mixture for 
PCR using Tap; DNA polymerase is prepared as follows: First, a 10-fold concentrated PCR buffer is prepared using 1M 

25 Tris-HCI(pH 8.3 at 25°C), etc.; the concentrated buffer is freshly diluted 1:10 before use. to which deoxyribonucleotides 
(to make a concentration of 200nM each for dATP, dCTP, dGTP and dTTP), primers (to make a concentration of 0.2-1 .0 
uM), Taq DNA polymerase (to make a concentration of 2.5 units/1 00^1). and. according to necessity, other ingredients 
such as gelatin and surface active agents (NP 40, Tween, etc.) are added. To the reaction mixture thus prepared, a DNA 
fragment, or a specimen containing a DNA fragment is added as templates for PCR. In the conventional procedure, 

so however, the presence of even a trace amount of impurities derived from biological specimens in the reaction mixture 
markedly inhibits PCR. Therefore, separation of the cells of animals and plants, bacteria, viruses, etc. (hereinafter 
referred to as "gene-containing materials") from materials to be tested and the subsequent extraction of DNA from the 
gene-containing materials are necessary prior to amplification by PCR. In order to overcome this inhibition, cellular lysis 
can be accomplished with enzymes, surface active agents or chaotropic agents and, traditionally, the subsequent 

35 extraction of the nucleic acid from the cellular lysate has been carried out using phenol or phenol-chloroform mixture. 
More recent methods of purifying the DNA include the removal of impurities by using ion exchange resins, glass filter, 
magnetic beads, or agents for protein flocculation. 

One reagent kit for removing impurities is commercially marketed under the name of "COLLECTAGENE" (AM RAD 
Operations Pty Ltd., Victoria, Australia). Using this kit, the sample is pre-treated as follows: 

40 

1 . Anticoagulant-treated whole blood of mammalian origin is mixed with Magnetic Particles in a tube, whereby the 
leukocyte cells and the Magnetic Particles are conjugated. 

2. The cells conjugated with Magnetic Particles are washed with phosphate buffer. 

3. The conjugated cells are iysed with proteinase, whereby the proteins are degraded and the DNA in the leukocyte 
45 ceils is released. 

4. The tube is then heated to inactivate the proteinase, resulting in a solution of leukocyte DNA which is ready for 
PCR. 

Meanwhile, RNA-PCR is utilized for detecting and/or sequencing target RNA and thus has potential use for diag- 
so nostic tests and medical, industrial or environmental analyses. For example, RNA-PCR may be useful for detecting 
HCV (hepatitis C virus) which causes hepatitis, and HIV (human immunodeficiency virus) which causes AIDS. 

In RNA-PCR, a complementary DNA (cDNA) is first synthesized using the target RNA as a template in the pres- 
ence of reverse transcriptase. Then the cDNA is amplified by PCR. Under current technology, when treating the RNA 
obtained from living organisms, purification of the RNA is necessary. Basically, the RNA can be purified using the same 
55 purification method as for DNA. 

In both DNA and RNA purifications, it is difficult to sufficiently remove the impurities as well as to recover DNA in a 
constant yield, and, thus, the succeeding DNA amplification frequently ends in failure, especially when the sample con- 
tains only small amount of DNA. In addition, the purification methods are so lengthy and complex that there is a high 
risk of contamination during the operation. Therefore, a simpler pretreatment which has less possibility of contamination 
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has been in need. 

The present invention addresses these and other problems associated with PGR amplification procedures and is 
believed to represent a significant advance in the art. 

5 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a method for directly amplifying a gene of interest in a 
biological specimen, specifically to provide a method and reaction agents for PCR which allow direct addition of a bio- 
logical specimen, in particular body fluids, to the PCR reaction system. 
to Another object of the present invention is to provide a kit suitably used for the above objects. 

In summary, the object of this invention is to provide an improved process and reagents of PCR for amplifying 
genes, in particular DNAs contained in animal and plant tissues, body fluids, and excreta. 

During extensive studies in an effort to achieve the above objects, the present inventors have found that PCR can 
successfully be carried out in the presence of impurities derived from biological materials when PCR was carried out at 
75 a higher pH than the pH widely used in prior art processes. They have also found that direct addition of body fluids, such 
as blood and saliva, does not inhibit PCR when the pH of the reaction system was maintained within a certain range. 
Based upon the above findings, the present inventors have completed the novel reaction system for PCR. 

Thus, in the PCR carried out by mixing the cells isolated from a biological specimen or a biological specimen itself 
with the reaction mixture, the present invention is characterized in that the reaction mixture for PCR is adjusted to have 
30 apHoffrom8.5to9.5at25°C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a photograph of agarose gel electrophoresis carried out for detecting DNA amplified in Experimental 
25 Example 2. 

Fig. 2 shows a photograph of agarose gel electrophoresis carried out for detecting DNA amplified in Experimental 
Example 3. 

Fig. 3 shows a photograph of agarose gel electrophoresis carried out for detecting DNA amplified in Experimental 
Example 4. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

The term "biological specimens" as used in the present application refers to specimens obtained from animals and 
plants, which include tissues of animals and plants, body fluids, and excreta. The body fluids include, but are not limited 
35 to. blood and saliva. 

The term "gene-containing materials" used herein includes cells of animals and plants, bacteria, and viruses. The 
cells of animals include, but are not limited to, leukocytes isolated from blood. 

The PCR reaction mixture used in the present invention usually contains a pH buffer, salts (MgCI 2 and KCI, etc.), 
primers, deoxyribonucleotides, and a DNA polymerase. Other salts than MgCI 2 and KCI may be used according to 
40 necessity. Other ingredients, for example, surface active agents such as Nonidet P-40 and polyoxyethytene sorbitans; 
proteins such as gelatin and albumin; and dimethylsulfoxide may be added to the reaction mixture in some cases. 

A preferred buffer for use in the present invention consists of Tris (hydroxymethyl) aminomethane and a mineral 
acid, such as hydrochloric acid, nitric acid, and sulfuric acid. Among these acids, a preference is given to hydrochloric 
acid. Other various buffers may also be used. For example, CAPSO (3-N-cyclohexyiamino-2-hydroxypropanesulfonic 
45 acid) or CHES (2-(cyclohexylamino)ethanesulfonic acid), in combination with sodium hydroxide or potassium hydrox- 
ide, can be used. The buffer solution with an adjusted pH is used in a concentration of from 1 0mM to 1 0OmM in the reac- 
tion mixture for PCR. 

The term "primer" as used in the present application refers to an oligonucleotide which is capable of acting as a 
point of initiation of synthesis in the presence of DNA, deoxyribonucleotides. a DNA polymerase, etc. The primers are 
so preferably single stranded but may be double stranded. If the primers are double stranded, the strands are separated 
prior to amplification reaction. 

The oligonucleotide primers can be prepared by methods which are well known in the art or can be obtained from 
a biological source. 

The term "nucleic acid" as used in the present application refers to double or single stranded DNA or RNA or a dou- 
55 ble stranded DNA-RNA hybrid. The nucleic acids may be obtained from any source. Any nucleic acid can be amplified 
using the present invention as long as a sufficient number of bases at both ends of the sequence are known so that 
oligonucleotide primers, which will hybridize to the strands of the nucleic acid to be amplified, can be prepared. 

The term "polymerase" as used in the present application refers to any enzymes which can synthesize a DNA by 
primer extension reaction. Suitable polymerases include, but are not limited to, E. coli DNA polymerase I, Klenow frag- 
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mem of c. con DNA polymerase I, T4 DNA polymerase, iaa DNA polymerase. - . iitoraus DNA polymerase, Trh DNA 
polymerase. Pfu DNA polymerase, and reverse transcriptase. 

The term "thermostable'' as used in the present application refers to a property of substance which retains activity 
at an elevated temperature, preferably 65°C-95°C. 

5 In the PCR reaction systems where a blood specimen is directly added to the PCR reaction mixture (PCR with 

whole blood), which are suitable for analyses of genomic DNA in HL.A typing and diagnoses of hereditary diseases, the 
initial pH of the reaction mixture is not less than 8.5, preferably in the range of from 8.5 to 9.0. When the initial pH of the 
PCR reaction mixture is adjusted to an optimal level around pH 8.8, the blood added to the reaction mixture does not 
inhibit the PCR up to the whole blood content of 2.5% in the reaction mixture. 

w In the PCR reaction system where isolated leukocytes are directly added to the PCR reaction mixture (PCR with 
leukocytes), which are suitable for the detection of a small amount of DNA in peripheral leukocytes, e.g., detection of 
HIV provirus DNA, the initial pH of the reaction mixture is not less than 8.5, preferably in the range of from 8.5 to 9.2. 
When the initial pH of the reaction mixture is adjusted in this range, 100 or less moiecules of HIV DNA mixed with 
100000 molecules of leukocyte DNA can be detected. In particular, when the initial pH is adjusted to an optimal level 

15 around pH 9.0, only 10 molecules of HIV DNA can successfully be detected. 

When a specimen of saliva is directly added to the reaction mixture for PCR (PCR with saliva), the initial pH of the 
reaction mixture is adjusted to not less than 8.5, preferably not less than 8.8. In the above pH range, cellular DNA in the 
saliva specimen can stably be amplified. In particular, when the initial pH of the PCR reaction mixture is increased to 
9.4, PCR is successfully carried out in the reaction mixture which contains as high as 8% saliva. 

20 The reaction mixture for PCR used in the present invention may be prepared by an experimenter before use. Also, 
the present invention can more readily and safely be carried out by using the kit of the present invention which consists 
of all or part of the component reagents of the reaction mixture. 

The reagent kit of the present invention is characterized in that it is used to amplify a target gene in a specimen by 
PCR, and comprises a pH buffer, primers, deoxy ribonucleotides, and a thermostable polymerase, and that the pH buffer 

25 is capable of maintaining the initial pH of the reaction mixture for PCR within the range of from 8.5 to 9.5 at 25°C. 

According to the present invention, specific DNA amplification can be successfully carried out by directly adding a 
biological specimen, in particular specimens obtained from body fluids, to the reaction system without pretreatment or 
after only rough treatment for isolation. That is, in the present invention, a specimen from body fluids, such as whole 
blood, plasma, serum and saliva, can be mixed with the reaction mixture for PCR without any pretreatments. During the 

30 thermal cycle of PCR, any of the above specimens mixed with the reaction mixture for PCR is placed under high tem- 
perature for denaturation, and the cells in the specimen is lysed so that the DNA in the cells is released and can access 
the primers and other necessary reagents for PCR in the reaction mixture. Though components of saliva or blood are 
present in the reaction mixture owing to lack of sufficient pretreatment of the specimen, such impurities do not hamper 
the DNA amplification in the improved method of the present invention. 

35 Thus, according to the present invention, pretreatment of the specimens for PCR can be simplified, thereby facili- 
tating the process for amplifying and detecting a specific gene by PCR without risks of contamination. Furthermore, by 
use of the reagent kit of the present invention, the above-mentioned improved process for PCR of the present invention 
is more readily and safely carried out. 

The following Experimental Examples illustrate the present invention but are not intended to limit the invention in 

40 any manner. 

EXAMPLES 

Experimental Example 1 : Measurement of oH of PCR reaction mixture 

45 

The pH of the reaction mixture actually used for PCR was measured. That is, at first. 1 M Tris-HCI of varying pH val- 
ues were prepared. And then 100 mM Tris-HCI buffers containing 1 0-fold dilution of each 1M Tris-HCI, 500mM KCI and 
15mM MgCI 2 (hereinafter simply referred to as "concentrated PCR buffer") were prepared. Then, the reaction mixtures 
for PCR, each of which was a mixture of 10mM Tris-HCI, 50mM KCI, 1 .5mM MgCi 2 , 200uM each of dATR dCTR dGTP, 
so and dTTP, 1 .OuM each of primers, and 2.5 units/100^! of Taq DNA polymerase (Takara Taq: Takara shuzo), were pre- 
pared using the concentrated PCR buffers. The pH values of the 1M Tris-HCI. concentrated PCR buffers, and reaction 
mixtures for PCR are listed in Table 1. The primers used were two oligonucleotides having the following sequences: 

P1 : 5' GAAGAGCCAAGGACAGGTAC 3' (SEQ ID NO:1) 
55 P2: 5" GGAAAATAGACCAATAGGCAG 3' (SEQ ID NO:2) 

The P1 primer is homologous to the plus-strand and the P2 primer is homologous to the minus strand of human beta- 
globin coding region. With these primers, an amplified product of 408 bp sequence contained within the human beta- 
globin gene is to be obtained. (Saiki, R.K., Gelfand. D.H., Stoffel, S„ Scharf, S.J., Higuchi, R., Horn, G.T., Mullis. K.B., 
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and Erlich. H.A. (1988). Science, 239. 487-491). 

From Table 1 . it is clear that the pHs of the PCR reaction mixtures become lower than the pHs of the 1 M Tris-HCI 
or the pHs of the concentrated PCR buffers. For example, a 1M Tris-HCI of pH 8.3, the pH most commonly used for 
PCR, afforded a concentrated PCR of the same pH (pH 8.3), but the pH of the PCR reaction mixture prepared from the 
concentrated PCR buffer of pH 8.3 was lowered to 8.1. Similarly, the 1M Tris-HCI having a pH of from 8.5 to 10.0 
afforded the concentrated PCR buffers of almost the same pH, whereas the pH of the reaction mixtures for PCR were 
lower than the starting 1M Tris-HCI by 0.2 to 0.8. Also, the pH of 1M Tris solution without addition of HCI was 1 1, and 
decreased to 10.2 in the concentrated PCR buffer and further to 9.4 for the reaction mixture for PCR prepared using the 
concentrated PCR buffer. 



Table 1 



20 



Varying pH of Tris-HCI, 10-fold concentrated PCR 
buffers, and reaction mixtures for PCR 


1M Tris-HCI 


Concentrated 
PCR buffers 


Reaction mixtures 
for PCR 


pH 8.3 


pH8.3 


pH8.1 


pH 8.5 


pH8.6 


pH 8.3 


pH 8.8 


pH8.9 


pH 8.5 


pH 9.1 


pH9.1 


pH8.8 


pH 9.5 


pH 9.5 


pH9.0 


pH 10.0 


pH 9.9 


pH9.2 


pH 1 1 .0 


pH 10.2 


pH9.4 



30 Next, the relationship between pH and the degree of DNA amplification was studied. In these Examples, several reac- 
tion mixtures of varying pH in the range of from 8.1 to 9.4 were prepared by changing the pH with an increment of 0.2 
to 0.3, to which a blood or saliva specimen was directly added to amplify a target gene of the gene-containing materials 
in the specimen. 

35 Experimental Example 2: PCR with Hu man Whole Blood Specimen 

To the reaction mixtures for PCR of varying pH. 10 to 0.63 \i\ of human whole blood was added to make a total vol- 
ume of 100 id, and PCR was carried out. The reaction mixtures for PCR prepared in Experimental Example 1 were 
used. 

40 After preincubation at 94°C for 2 minutes, 40 cycles of PCR using the following temperature profile were performed: 





Denaturation 


94° C, 1 minute 


45 


Primer Annealing 


55°C. 1 minute 




Primer Elongation 


72° C, 1 minute 



so The PCR cycles were terminated with a final elongation at 72°C for 7 minutes. 

Agarose gel electrophoresis was employed to detect the amplified DNA. After the PCR, 5 ul of each reaction mix- 
ture was applied to a 3% agarose gel and separated by electrophoresis in TAE buffer {40mM Tris-acetate. 1 mM EDTA, 
pH 8.0) containing 0.5 |ig/ml of ethidium bromide. 

The results of Experimental Example 2 are shown in Fig. 1. In Fig. 1, the letter M represents a molecular weight 
55 marker which is Kmc ll-digested <j>x174 RF DNA, and the numbers 1 to 6 represent different amounts of the human 
whole blood added to the reaction mixture for PCR. namely: 
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10 



Number 


Amounts of 
human whole blood 


1 


10 uJ 


2 


5 


3 


2.5 


4 


1.25 


5 


0.63 


6 


0 



When PCR was carried out with a standard PCR reaction mixture (pH 8.1) prepared with 1M Tris-HCI of pH 8.3, 
there was no detectable band specific for the beta-globin gene in any lanes (Fig.1 A). Similarly, when the PCR was car- 
ried out with a reaction mixture at pH 8.3, there was no detectable band in any lanes (Fig.1 B). 

20 When the pH of the reaction mixture for PCR was increased to 8.5, detectable bands specific for the beta-globin 
gene were obtained in lanes 3 (whole blood amount of 2.5 yX) and 4 (1 .25 y\) (Fig- 1 C). When the reaction mixtures of 
pH 8.8 and pH 9.0 were used, detectable bands specific for the target gene were obtained in lanes 3, 4 and 5 (2.5, 1 .25 
and 0.63 ul; Fig. 1 D) and lanes 4 and 5 (1.25 and 0.63 ul; Fig. 1E), respectively. 

The above results indicate that when PCR is carried out with buffers at a higher pH than the pH commonly used, 

25 the amplification of a target gene can take place by directly mixing a blood specimen with a reaction mixture for PCR. 
It is also indicated that the optimal pH of the reaction mixture for PCR with a whole blood specimen is around 8.8. 

Experimental Example 3: PCR with Leukocytes Collected after Hemolysis 

30 After 23.7 |nl of human blood containing 1 .4 X 10 s leukocytes was subjected to hemolytic treatment, the lysate was 

centrifuged. The supernatant was removed to collect residual leukocyte pellet. To the leukocyte pellet collected. HIV 
DNA of varying copies (1000. 100, 10, and 0 copies) and reaction mixtures for PCR of varying pH were added to make 
a total volume of 100 ul, and PCR was carried out. The procedures of PCR and the detection methods as described in 
Experimental Example 2 were used, and the reactions mixtures for PCR were the same as those used in Experimental 

35 Example 1 except that the primers were replaced with the following oligonucleotides: 

P3: 5' CATGGGTACCAGCACACAAAGG 3"(SEQ ID NO:3) 
P4: 5' TCTACTTGTCCATGCATGGCTTC 3'(SEQ ID NO:4) 

40 The P3 primer is homologous to the plus-strand and the P4 primer is homologous to the minus strand of the HIV pol 
region. With these primers, an amplified product of 244 bp is to be obtained. 

The results of Experimental Example 3 are shown in Fig. 2. In Fig. 2. the letter M represents a molecular weight 
marker which is Hinc ll-digested (|>x1 74 RF DNA, and the numbers 1 to 4 represent different copies of HIV DNA added 
to the reaction mixture for PCR, namely: 



50 



Number 


Copies of 




HIV DNA 


1 


1000 copies 


2 


100 


3 


10 


4 


0 



When PCR was carried out with a standard PCR reaction mixture (pH 8.1) prepared with 1M Tris-HCI of pH 8.3, 
there was no detectable band specific for the HIV DNA in any lanes (Fig.2 A). Similarly, when the PCR was carried out 
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with a reaction mixture of pH 8.3. amplified DNA specific for the HIV DNA was detected only in lane 1 (1000 copies of 
HIV DNA, Fig. 2 B). With increasing the pH of the reaction mixture up to pH 9, the sensitivity of PCR reaction was 
increased. That is, the detectable number of DNA copies was 100 copies at pH 8.5 (Fig. 2 C), which was decreased to 
10 copies at pHs 8.8 and 9.0 (Figs. D and E). 
= The amounts of the PCR amplified product were compared between pH 8.8 and pH 9.0, by comparing the intensity 

of the bands appearing on the agarose gel. As a result, the amount of the amplified product obtained at pH 9.0 was 
greater than that obtained at pH 8.8. When the pH of the reaction mixture was increased to pH 9.2, the intensity of the 
band obtained with 100 copies of the DNA was markedly weak, though a highly intense band was obtained with 1000 
copies. 

w The above results indicate that PCR carried out with buffers adjusted at a higher pH than the pH commonly used 

makes it possible to amplify a target gene, even when collected peripheral leukocytes are directly mixed with a reaction 
mixture for PCR. It is also indicated that the optimal pH of the reaction mixture for PCR with peripheral blood leukocytes 
is around 9.0. 

15 Experimental Example 4: PCR with Human Saliva 

To PCR reaction mixtures of varying pH, 4 to 0.5 u.l of human saliva was added to make a total volume of 50 u.l. and 
PCR was carried out. The procedures of PCR and the detection methods as described in Experimental Example 2 were 
used, and the reaction mixtures for PCR were the same as those used in Experimental Example 1 . 
20 The results of Experimental Example 4 are shown in Fig. 3. In Fig. 3, the letter M represents a molecular weight 
marker which is Hinc ll-digested <j>x174 RF DNA, and the numbers 1 to 5 represent different amounts of human saliva 
added to the reaction mixture for PCR, namely: 



30 



Number 


Amounts 
of Saliva 


1 


4 fil 


2 


2 


3 


1 


4 


0.5 


5 


0 



35 

When PCR was carried out with a standard PCR reaction mixture (pH 8.1) prepared with 1M Tris-HCI of pH 8.3, 
there was no detectable band specific for the beta-globin gene in any lanes (Fig. 3 A). When the PCR was carried out 
with a reaction mixture of pH 8.3. amplified DNA specific for the beta-globin gene was detected only in lane 4 (saliva 
40 amount of 0.5 ul, Fig. 3 B), but the band of amplified DNA became again undetectable in any lanes when a reaction mix- 
ture of pH 8.5 was used (Fig.3 C). 

However, when PCR was carried out with a PCR reaction mixture of pH 8.8 or higher pH, amplified DNA was 
detected in more lanes. Specifically, the reaction mixtures of pH 8.8 and 9.0 were used, detectable amounts of a PCR 
amplified product could be obtained with 0.5 u.l or higher amounts of saliva specimens (Figs. 3D and 3E). With further 
45 increase in pH of the reaction mixture for PCR, the amount of the amplified product produced became higher. When a 
reaction mixture of pH 9.4 prepared with 1M Tris solution without containing HCI was used, the amplified product could 
be detected in all the lanes in sufficiently detectable amounts by electrophoresis (Fig. 3G). 

The above results indicate that when PCR carried out at a higher pH than the pH commonly used makes it possible 
to amplify a target gene, even when a specimen of human saliva is directly mixed with a reaction mixture for PCR. It is 
so also indicated that the optimal pH of the reaction mixture for PCR with a specimen of human saliva is not less than 9.4. 
Other modifications of the above described embodiment of the invention which are obvious to those skilled in the 
art are intended to be within the scope of the following claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

(lii) NUMBER OF SEQUENCES: 4 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic 

DNA 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
GAAGAGCCAA GGACAGGTAC 20 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic 

DNA 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GGAAAATAGA CCAATAGGCA G 21 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid, synthetic 

DNA 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
CATGGGTACC AGCACACAAA GG 22 

10 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: other nucleic acid, synthetic 

DNA 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TCTACTTGTC CATGCATGGC TTC 23 

30 
35 
40 
45 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

'.iS APPLICANT: 

(A) NAME: Shimadzu Corporation 

(B) STREET: 1, Nishinokyo- Kuwarabacho 

(C) CITY: Kyoto-shi 
CD) STATE: Nakagyo-ku 

(E) COUNTRY: JAPAN 

(F) POSTAL CODE (ZIP) : 604 

(ii) TITLE OF INVENTION: Process for Amplifying Nucleic Acid 



(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 96108791.3 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
.(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 



(iv) ANTI -SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NC : 1: 

GAAGAGCCAA GGACAGGTAC 
20 

(2) INFORMATION FOR SEQ ID NO : 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2: 

GGAAAATAGA C CAAT AGGCA G 
21 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
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(xi) SEQUENCE DESCRIPTION : 3EQ ID NO: 3: 

C ATGGGT AC C AGCACACAAA GG 
22 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
■(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iv) ANTI- SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

TCTACTTGTC CATGCATGGC TTC 
23 

Claims 

1. A process for amplifying a specific nucleic acid sequence by PCR, wherein a gene-containing material isolated 
from a biological specimen or a biological specimen is directly applied to a PCR reaction system. 

2. The process according to claim 1 , wherein an initial pH at 25°C of a reaction mixture for PCR is adjusted in the 
range of from 8.5 to 9.5. 
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3. The process according to ciaim l , wherein the biological specimen is obtained from a body fluid and wherein PCR 
is carried out using Taq DNA polymerase. 

4. The process according to claim 3, wherein the body fluid is blood or saliva. 

5. A reagent kit usable in PCR for amplifying a target gene, said reagent kit comprising a pH buffer, primers, deoxyri- 
bonucleotides, and a thermostable DNA polymerase, wherein said pH buffer has a buffering capability of adjusting 
an initial pH at 25°C of a reaction mixture for PCR in the range of from 8.5 to 9.5. 
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A. pH 8.1 
M 1 2 3456 





C. pH 85 
M 1 2 345 6 




D. pH 8.8 
Ml 2 3456 



E. pH 9.0 
M.I 2 345 6 
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A. pH 8.1 B. pH 8.3 C. pH 8.5 




D. pH 8.8 E. pH 9.0 F. pH 92 



M 1 2 34 




A] 2 3 4 


W 1 2 34 


... 





















Fig. 2 



EP 0 751 226 A2 



A. pH 8.1 
Ml 2 345 



B. pH 8.3 
Ml 2 3 4 5 




D. pH 8.8 
Ml 2 345 



E. pH 9.0 
Ml 2 3 4 5 




C. pH 8.5 
Ml 2 3 45 




F. pH 9.2 
M 1 2 3 45 




G. pH 9.4 
Ml 2 3 45 



Fig. 3 



